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ABSTRACT
This quantitative meta-analysis evaluated the effectiveness of behavioral skills
training (BST) for training non-applied behavior analysis (ABA) professionals to
implement discrete trial training (DTT), as well as examining the methodological rigor of
these studies using WWC design standards. Results indicate that BST produces large
effects and the majority of studies either met design standards with reservations or met
design standards. As a result, researchers and practitioners may be optimistic that BST is
an effective approach to training non-ABA professionals to implement DTT.
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CHAPTER I - INTRODUCTION
According to the Centers for Disease Control and Prevention’s Autism and
Developmental Disabilities Monitoring Network (2018), 1 in 59 individuals have been
identified with Autism Spectrum Disorder (ASD). In 2018, the National Center for
Education Statistics reported that between the years 2015 and 2016, approximately 6.7
million children within the age range of 3-21 were served under the Individuals with
Disabilities Education Improvement Act (IDEA), with approximately 9% of these
students being served under an Autism ruling. Individuals diagnosed with ASD present
with language development delays, engagement in repetitive behaviors, and deficits in
social and play behaviors (American Psychiatric Association, 2013). Children diagnosed
with ASD may also engage in problem behaviors such as self-injury, disruptive
behaviors, aggression, or non-compliance (Matson & LoVullo, 2008).
A core goal within the field of psychology includes the identification of
interventions that reduce behavioral excesses and address behavioral deficits associated
with ASD (McLeod, Wood, & Klebanoff, 2015). In a review conducted by Wong and
colleagues (2015), evidence-based practices for children diagnosed with ASD were
examined. In this review, 27 interventions were deemed as evidence-based under their
qualification criteria (Wong et al., 2015). Of the 27 interventions, the following
interventions were found to have the most empirical support: reinforcement (support of
43 single-case design studies), technology-aided instruction and intervention (support of
9 group design studies/11 single-case design studies), visual supports (support of 18
single-case design studies), differential reinforcement of incompatible/alternative/other
behavior (support of 26 single-case design studies), peer-mediated instruction and
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intervention (support of 15 single-case design studies), and discrete trial training (DTT)
(support of 13 single-case design studies) (Wong et al., 2015). Children diagnosed with
ASD are often subject to poor academic outcomes, which emphasizes the critical need for
research to target skill acquisition (Howlin, Mawhood, & Rutter, 2000). One of the main
evidence-based methods that can be used to target skill acquisition in children with ASD
is DTT.
Discrete Trial Training
DTT is a technique based on behavioral principals that can be used to address a
variety of behavioral deficits in social, behavioral, or academic domains. According to
Smith (2001), DTT is a method of teaching a desired skill by clearly defining the
beginning and end of each trial and presenting instruction in structured and simplified
steps. DTT also allows instruction to be individualized to match the specific needs of the
child (Smith, 2001). Each discrete trial consists of the following components:
presentation of a discriminant stimulus, the child’s response, the consequence, and a
pause before the next trial begins (Anderson, Taras, & O’Malley-Cannon, 1996). DTT
was first empirically studied within the ASD population in a 1964 study which
demonstrated that DTT resulted in vocal-verbal behavior acquisition in a child with ASD
(Wolf, Risley, & Mees, 1964). As research within the ASD population continued, DTT
was shown to be effective in teaching a variety of different skills including, but not
limited to, receptive language (Lovaas, 1977), expressive language (Howlin, 1981), basic
phonological skills (Koegel, O’Dell, & Dunlap, 1988), opposites and prepositions
(Lovaas, 1977), and complex sentence structures (Krantz et al., 1981).
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Although DTT has an abundance of evidence supporting its effectiveness across a
multitude of different skills, the resource intensity of DTT implementation often results
in limitations with its use. DTT most frequently occurs in a 1:1 format in a clinical setting
with professionals specifically trained in Applied Behaviors Analysis. This requires
substantial resources, both financial and personnel, which may result in many children
diagnosed with ASD being unable to access services. Within school settings,
implementation of DTT programs is rare due to the demanding training requirements that
are typical of DTT programming (Peters-Scheffer et al., 2010). In Steege et al. (2007),
researchers discouraged the use of DTT in schools due to the difficulties with feasibility
and the extensive amount of resources necessary to effectively implement DTT in the
school setting. To address this limitation, one way to increase a child’s access to DTT is
to effectively and efficiently train non-ABA professionals (i.e., teachers, parents, and/or
peers) to implement DTT procedures.
Behavioral Skills Training
Behavioral Skills Training (BST) is a specific approach to training that is used to increase
performance of individuals across a multitude of different skills. BST typically consists
of four main components: instruction, modeling, rehearsal, and feedback (Sarokoff &
Sturmey, 2004). The instruction component includes a written and/or verbal description
of the desired skill along with information about the relevance of correct performance.
Modeling consists of the learner observing the correct demonstration of the target skill.
Rehearsal includes the learner practicing the target skill, and feedback incudes the learner
receiving positive or corrective feedback based on their performance of the skill.
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BST has effectively been used to increase skill acquisition across a multitude of
domains. In St. Lawrence et al. (1995), utilization of a BST intervention resulted in
individuals engaging in less high-risk sexual activity and demonstrating increased
knowledge about HIV-AIDS relative to those who received traditional didactic training.
Similarly, in Goldstein et al. (1989) BST resulted in all groups showing increases in
smoking abstinence rates, but at a 6-month follow-up, data indicated significantly lower
relapse rates in individuals who participated in the BST group when compared to those
who received typical didactic education. In Himle and Wright (2014), BST was utilized
to train parents on the correct installation and use of passenger safety restraints and once
participants received a BST package focusing on proper rear-facing car seat installation,
all participants installed the rear-facing car seat with no errors. Across several studies,
BST has also been effective in training individuals in gun safety. For example, in Gross
et al. (2007), BST was used to train parents in firearm safety. Results of this study
indicated that BST was effective in teaching three of four participants an appropriate
safety response to finding a gun in their home. In Miltenberger et al. (2005), researchers
used BST in combination with in-situ training to teach safety skills to prevent gun play in
children. Results indicated that all participants successfully acquired the gun safety skills
at the completion of the study and at a 3-month follow-up. BST has shown effectiveness
in training individuals to address a variety of health and safety concerns, but also has
utility in other domains, such as education.
BST has been widely used in educational settings with training teachers. In a
systematic review conducted by Kirkpatrick and colleagues (2019), the use of BST with
teachers was examined. In this study, twelve studies were identified for inclusion in the
4

systematic review. A total of 91 teachers and 51 students participated in these
experiments. The behavior analytic skills in which teachers were trained included: DTT
(five studies), preference assessments (four studies), incidental or naturalistic teaching
(two studies), prompting hierarchies (two studies), activity schedules (one study),
behavioral curricula (one study), differential reinforcement of other behaviors (one
study), functional communication training (one study), visual analysis (one study), mand
training (one study), manual signs (one study), picture exchange communication system
(one study) response interruption/response redirection (one study), and time delay
prompting (one study). The results of this review indicated that the most common skills
targeted for BST were DTT and preference assessments. Researchers also found that BST
resulted in strong evidence for each of the studies examining BST and DTT (Kilpatrick et
al., 2019). Although this review indicated that BST is a common and effective technique
for teaching DTT, it was not a quantitative synthesis of the literature. Researchers and
practitioners need quantifiable results regarding the effectiveness of procedures to best
inform decisions about which procedures to adopt.
Sarokoff and Sturmey (2004) examined two different training methods used to
train three teachers to implement a DTT protocol. The results indicated that the didactic
training was insufficient in training teachers on the DTT protocol (M = 45%), but once
teachers received the BST package, there was a substantial increase in implementation
fidelity (M = 98%) (Sarokoff & Sturmey, 2004). Ward-Horner and Sturmey (2012) also
identified that the components of modeling and feedback distinguish BST from typical
didactic training and made BST more comprehensive and intense when compared to
instruction alone. Across these two studies, BST was shown to increase teachers’
5

implementation of DTT, and was shown to be more effective than didactic training. In
addition to being used to train teachers to use DTT, BST has also been used to train other
non-ABA professionals to implement various ABA interventions, and DTT in particular.
Non-ABA professionals, such as parents, siblings, teachers, paraprofessionals,
and peers of children with ASD have successfully implemented behavioral-based
intervention procedures after receiving BST. According to Stewart and colleagues (2007),
BST is the most used training method utilized in clinical-type settings to train effective
parenting skills. A few examples of the skills obtained by non-ABA professionals are
guided compliance (Miles & Wilder, 2009), mand training (Nigro-Bruzzi &Sturmey,
2010), and DTT (Radley et al., 2015). In the Miles and Wilder study (2009), the
effectiveness of BST for training parents to implement guided compliance was assessed.
Results indicated that BST increased guided compliance implementation accuracy across
all three participants and also resulted in generalization of these skills to new settings
after training ended. In the Nigro-Bruzzi and Sturmey study (2010), three special
education teachers and three speech therapists were trained using BST to conduct mand
training with six children diagnosed with ASD. BST resulted in increases in performance
in mand training across all staff members and in unprompted mands by the students
included in the dyads. In another example, Radley and colleagues (2015) evaluated
whether elementary-age students could be trained to accurately implement a DTT
protocol involving academic target skills with peers diagnosed with ASD. Results of this
study indicated that a brief BST can result in elementary-age students implementing a
basic DTT protocol with high levels of integrity. Results also indicated that peermediated DTT produced academic skill mastery for students diagnosed with ASD.
6

Throughout the literature, BST has consistently been shown to be effective in
training non-ABA professionals (i.e., teachers, parents, peers) a variety of behavior
analytic skills, however, there has not been a quantitative synthesis of the effects of BST
used with non-ABA professionals’ implementation of DTT. Additionally, there has not
been a systematic review of the extent to which these studies have met What Works
Clearinghouse (WWC; Kratochwill et al., 2010) single-case design standards. This
emphasizes the importance of conducting a meta-analysis so that behavior analysts will
have the necessary information to make informed, data-based decisions regarding the use
of BST for training non-ABA professionals to implement DTT. Moreover, it is important
to determine if the experimental rigor of BST for training non-ABA professionals to
implement DTT instills confidence in any effects that may be discerned.
Purpose of the Present Study
There is an emerging literature base that demonstrates the effectiveness of
utilizing BST to train non-ABA professionals to implement DTT. However, to date, there
is no quantitative synthesis of the literature summarizing the effect of BST with nonABA professionals’ implementation of DTT with students diagnosed with ASD. A metaanalysis is needed to determine whether BST is an effective training package in training
non-ABA professionals to implement DTT with children with ASD. Additionally, it is
important to describe the methodological rigor with which these studies have been
conducted.
This study examined the following research questions:
1. What is the effect of using BST in training non-ABA professionals to
implement DTT with children diagnosed with ASD?
7

2. What is the extent to which studies including BST to train non-ABA
professionals to implement DTT have met design standards described by
What Works Clearinghouse?

8

CHAPTER II - METHODS
Article Extraction
A systematic literature search was conducted to determine eligible studies for
inclusion in this study. Articles published between the years of 1970 and 2020 were
included in this study. Three databases were used to identify articles that met criteria for
inclusion: Psychological Information Database (PsychINFO), Academic Search Premier,
and Education Research Information Center (ERIC). Using these databases, articles were
identified using the following search terms: “behavioral skill training AND discrete trial
training”, “BST AND DTT”, “modeling rehearsal feedback AND discrete trial training.”
Articles identified by these search terms were entered into an Excel spreadsheet and were
screened for duplicates. Once articles were identified through the initial search, an
ancestral search of all references of these articles was conducted to ensure article
inclusion was comprehensive.
Abstract and Full Text Review
To be included in this meta-analysis, an article had to meet the following criteria:
(a) participants in the study were non-ABA professionals including teachers,
parents/guardians, siblings, and peers, (b) BST was used to train intervention
implementers, (c) implementation accuracy was an outcome variable, and (d) a timeseries line graph was included. Articles that had training procedures consistent with the
main components of BST (i.e., instruction, modeling, rehearsal, and feedback), but did
not utilize the term BST, were examined for inclusion. Articles were excluded from this
study if they met the following criteria: (a) behavioral skills training was not used to train
implementers or (b) if implementers consisted of ABA professionals.
9

Article Coding
A Microsoft Excel spreadsheet was used for article coding. Articles that met
inclusion criteria were coded by trained graduate students for the following variables:
title of the publishing journal, whether the journal was peer reviewed, the participants of
the study, the setting of the study, and the single-case design that was utilized.
Articles were also coded based on What Works Clearinghouse design
requirements based on standards for each specific single-case design. What Works
Clearinghouse quality indicators for single-case design studies include systematic
manipulation of the independent variable (i.e., researcher determines when the
intervention should be introduced), repeated collection of the dependent variable (i.e.,
outcome variable is collected repeatedly within and across levels of the independent
variable), interobserver agreement collected for at least 20% of sessions with an average
of 80% or higher agreement (i.e., second observer collects data independently on the
independent variable), three demonstrations of the effectiveness of the intervention for
experimental control, and treatment effects (i.e., determining whether there are residual
treatment effects—responses within phases that are caused by interventions in previous
phases) (Kratochwill et al., 2010). Each mentioned category was coded using one of the
following three indicators: meets standards, meets standards with reservation, or does not
meet standards.
Data Extraction
To conduct a meta-analysis of single-subject experimental design studies,
researchers must obtain raw data from published graphs. Raw data were extracted from
each article based on the time series graphs. DigitizeIt version 2.3.2 was utilized to
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extract raw data from published graphs from the articles that met inclusion criteria
(Version 2.3.2.; DigitizeIt, Braunschweig, Germany). Graphs, defining the axis system,
and numbers from the plot were imported using the DigitizeIt software. Appendix A
provides a list of all features that are included with the DigitizeIt software program. With
DigitizeIt, users copy graphs directly from research articles and paste them into the
software program. Users are allowed to manually define lower and upper X and Y axes.
Users then select each datum on the graph which allows the software to calculate the
exact location of each data point in relation to the x and y axes (Appendix B). According
to Rakap and colleagues (2016), utilizing DigitizeIt for data extraction results in data that
are reliable, valid, and similar to values reported by the authors of original articles. When
compared to other valid tools for extracting data (i.e., UnGraph and GraphClick),
DigitizeIt was found to be an equally reliable and valid tool for extracting data from
graphs obtained from single-subject experimental research (SSER) designs (Rakap et al.,
2014).
Training Procedures for Data Collectors
Data collectors were graduate students and were trained on the following: (a)
conducting the literature search, (b) assessing articles for inclusion, and (c) using
DigitizeIt software for raw data extraction from graphs. Didactic training was provided to
the data collectors for conducting the literature search (Appendix E). Data collectors were
also provided with a list of the search terms (Appendix D) and with an Excel document to
record articles and important characteristics of each article. The researcher used BST to
train data collectors to extract data (Appendix C), and data collectors demonstrated
proficiency during an independent practice session of data extraction from an un-related
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article using DigitizeIt while performance feedback was provided. Data collectors had to
meet 90% agreement or greater during this practice session before being allowed to
independently extract data.
Interobserver Agreement
Interobserver agreement (IOA) was calculated for the article inclusion criteria and
data extraction. IOA was calculated using total agreement by dividing the number of
agreements by the number of agreements plus disagreements (Cooper, Heron, & Heward,
2007). IOA was conducted for 30% of extracted data points and coding variables for
inclusion criteria and data extraction. An exact agreement method was used to calculate
coder reliability; this means that the same code had to be applied for each variable by
both coders for an agreement to occur. Any disagreements that arose with extraction data,
the first author and data collectors met to discuss the disagreement until a consensus was
reached.
Data Analysis
Data were analyzed using an effect size measure, Baseline Corrected Tau.
Baseline Corrected Tau addresses baseline trends in interrupted time-series data (Tarlow,
2016). Baseline Corrected Tau scores that range between 0.00 and 0.20 represent small
effects, 0.20 and 0.60 represent moderate effects, 0.60 and 0.80 represent large effects,
and 0.80 and 1.0 represent large to very large effects (Vannest & Ninci, 2015). Baseline
Correct Tau was calculated for all adjacent phase change comparisons for each
participant in each study through an online Tau-U calculator (Tarlow, 2016). Prior to
calculating effect sizes for adjacent phases, the researcher tested baseline data for
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significant trends. If a significant trend was detected, then the baseline corrected Tau
value would be used in the subsequent step.
In addition to calculating Baseline Corrected Tau values for all AB phase
contrasts, the R statistical software package was used to compute weighted average effect
sizes for each study, as well as an omnibus effect size for all studies; the R software
program is a free program that is frequently used for statistical computing and graphical
analysis (R Core Team, 2015). The standardized mean difference (SMD), a common
parametric summary measure used in meta-analyses, was calculated for each study; SMD
is used to determine the total number of standard deviations apart two phases are (Durlak,
2009). In this study, SMD is equated to the Hedges g effect size statistic. Hedges g is
used when observations across phases are not equal. Hedges g effect sizes are interpreted
using the following guidelines: 0.2 represents a small effect, 0.5 represents a medium
effect, and 0.8 represents a large effect. Standard error scores were derived using the
upper and lower limits of confidence intervals utilizing the formula, SE = (upper limit –
lower limit) / 3.92 (Higgins et al., 2019). Then, each effect size estimate and its standard
error were inputted into the R software program to calculate the omnibus effect size (R
Core Team, 2015). Finally, the R statistical software package was also used to conduct
moderator analyses.
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CHAPTER III - RESULTS
Interrater Reliability
Database Search
Two researchers searched each database (i.e., Eric, PsychINFO, and Academic
Search Premier) to determine the reliability of the selected search terms. To calculate
interrater reliability, an exact agreement method was utilized. Interrater reliability for this
study was 100%, meaning both researchers identified each study used in this metaanalysis.
Article Inclusion
To determine interrater reliability of article inclusion, an exact agreement
calculation method was utilized. Both researchers had to agree that the study met all fourinclusion criterion in order for it to be considered an agreement. Three of ten studies
(30%) were assessed for interrater reliability and were assessed by two researchers,
resulting in 100% agreement across researchers.
Data Extraction
Two researchers extracted data points using the DigitizeIt program for three of ten
studies (30%). Each value of each datum was compared to determine interrater reliability
for data extraction. Each extracted datum value reported by the lead researcher was
compared to the datum value extracted by the second researcher for three studies. These
values were compared using an exact agreement method, meaning each extracted datum
value from the lead researcher had to be identical when compared to each datum value of
the second researcher. Disagreements occurred for minimal data points and were
discussed and re-extracted by the lead researcher to determine the appropriate value.
14

Interrater reliability calculations resulted in 91.75% agreement (range = 89% - 93%)
between all data points scored, indicating an acceptable degree of reliability between
coders.
Article Coding
A total of three of ten studies (30%) were coded by two researchers to determine
the level of agreement between coding categories. An exact agreement method was used
to determine interrater reliability. For article coding, an exact agreement meant that each
coder assigned each coding variable the same code. Initial coding agreement was 93%
(range = 89-100%). Any disagreements for each variable were discussed between coders
until an exact agreement was reached, which resulted in 100% agreement.
Descriptive Data
Ten studies were identified as meeting inclusion criteria for the current study
addressing the effectiveness of BST as a training package in teaching non-ABA
professionals DTT procedures. The studies included in this analysis that met inclusion
criteria are as follows: Clayton & Headley, 2018; Dart et al., 2017; Eid et al., 2017;
Furlow, 2017; Hillman et al., 2020; Lafasakis & Sturmey, 2007; Nosik et al., 2013;
Sarokoff & Sturmey, 2004; Sarokoff & Sturmey, 2008; and Sump, 2018. Each of these
studies were evaluated for descriptive statistics and study quality.
Study Quality
The quality of each study included in this analysis was based on the WWC
standards for single-case design studies (Kratochwill et al., 2010). Out of the ten total
studies that met inclusion criteria, a total of four studies met standards (Furlow, 2017;
Nosik et al., 2013; Sarokoff & Sturmey, 2004; Sarokoff & Sturmey, 2008), six studies
15

met standards with reservations (Clayton & Headley, 2018; Eid et al., 2017; Hillman et
al., 2020; Lafasakis & Sturmey, 2007; Sump, 2018), and one study did not meet
standards (Dart et al., 2017). In all included studies, the independent variable was
systematically manipulated, and experimental effects were demonstrated across three
points in time or across three phase changes (Clayton and Headley, 2018; Dart et al.,
2017; Eid et al., 2017; Furlow, 2017; Hillman et al., 2020; Lafasakis and Sturmey, 2007;
Nosik et al., 2013; Sarokoff and Sturmey, 2004; Sarokoff and Sturmey, 2008; and Sump,
2018). Regarding IOA, every study reported that IOA was collected for at least 20% of
sessions across all phases, except one study, which reported that IOA data was not
collected at all for one participant in the study (Dart et al., 2017). It should be noted that
IOA data that were reported for the remaining participants in the Dart et al. (2017) study
met standards. Regarding the fourth WWC standard, five studies met standards for an
adequate number of data points per phase (Dart et al., 2017; Furlow, 2017; Nosik et al.,
2013; Sarokoff & Sturmey, 2004; Sarokoff & Sturmey, 2008), and the other five studies
met standards with reservations (Clayton & Headley, 2018; Eid et al., 2017; Hillman et
al., 2020; Lafasakis & Sturmey, 2007; Sump, 2018). Table 1 demonstrates the level at
which each WWC design standard was met for each included study. Table 2 depicts an
overall percentage of the total amount studies that met each WWC criteria.
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Table 1 WWC Design Standards
WWC Design Standards
Study
Clayton & Headley,
2018
Dart et al., 2017
Eid et al., 2017
Furlow, 2017
Hillman et al., 2020
Lafasakis & Sturmey,
2007
Nosik et al., 2013
Sarokoff & Sturmey,
2004
Sarokoff & Sturmey,
2008
Sump, 2018

DS1
MS

DS2
MS

DS3
MS

DS4
MSR

Overall
MSR

Overall Percentage
MS 40%

MS
MS
MS
MS
MS

MS
MS
MS
MS
MS

NM
MS
MS
MS
MS

MS
MSR
MS
MSR
MSR

NM
MSR
MS
MSR
MSR

MSR 50%
NM 10%

MS
MS

MS
MS

MS
MS

MS
MS

MS
MS

MS

MS

MS

MS

MS

MS

MS

MS

MSR

MSR

Note. DS1 = Independent variable was systematically manipulated; DS2 = experimental effect demonstrated
across three points in time or three phase changes; DS3 = interobserver agreement (IOA) was 80% or higher
and was reported for at least 20% of each phase; DS4 = appropriate number of data points present per phase;
MS = meets standards; MSR = meets standards with reservations; NM = does not meet standards; overall
percentage = overall percentage of studies that meet standards, meet with reservations, and do not meet WWC
design standards.
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Table 2 Percentage of Standards Met Per Criteria
WWC Design Standards
Determination

DS1

DS2

DS3

DS4

MS

100%

100%

90%

50%

MSR

0%

0%

0%

50%

NM

0%

0%

10%

0%

Note. DS1 = independent variable was systematically manipulated; DS2 = experimental effect across
three points in time or three phase changes; DS3 = interobserver agreement (IOA) was 80% or higher
and was reported for at least 20% of each phase; DS4 = appropriate number of data points present per
phase; MS = meets standards; MSR = meets standards with reservations; NM = does not meet standards.

Study Details
Each article was coded for several other characteristics outside of the WWC
design standards. Out of the ten total studies included, nine of these were published in
peer-reviewed journals. Articles were published in the following peer-reviewed journals:
Behavioral Interventions (Clayton &Headley, 2018); Behavior Analysis: Research and
Practice (Dart et al., 2017); Behavior Analysis in Practice (Eid et al., 2017); Journal of
Applied Behavior Analysis (Hillman et al., 2020; Lafasakis & Sturmey, 2007; Sarokoff
& Sturmey, 2004; Sump, 2018); Research in Developmental Disabilities (Nosik et al.,
2013); and Research in Autism Spectrum Disorders (Sarokoff & Sturmey 2008). The
remaining study included was an unpublished dissertation (Furlow, 2017). Regarding
single-case design used, eight of the ten studies utilized a multiple baseline design across
participants (Clayton & Headley, 2018; Dart et al., 2017; Furlow, 2017; Hillman et al.,
2020; Lafasakis & Sturmey, 2007; Nosik et al., 2013; Sarokoff & Sturmey, 2004;
18

Sarokoff & Sturmey, 2008), one study used a multiple baseline across skills design
(Sump, 2018), and one study used a multiple probe design (Eid et al., 2017).
Participant Characteristics
For the purpose of this analysis, the participants of this study were the individuals
whom received the BST training. Of the studies included, two studies utilized
paraprofessionals as interventionists (Clayton & Headley, 2018; Sarokoff & Sturmey,
2008). Two studies utilized peers as interventionists (Dart et al., 2017; Furlow, 2017) and
two studies used parents as interventionists (Eid et al., 2017; Lafasakis & Sturmey,
2007). One study utilized special education teachers as interventionists (Sarokoff &
Sturmey, 2004) and one study used undergraduate students as interventionists (Sump,
2018). One study used adults diagnosed with ASD as interventionists (Hillman et al.,
2020) and one study used direct care staff as interventionists (Nosik et al., 2013).
Setting Characteristics
The setting in which the intervention took place varied between each study. Four
studies took place within private clinical-type settings (Eid et al., 2017; Hillman et al.,
2020; Nosik et al., 2013; Sump, 2018). Two studies took place in public elementary
schools (Clayton & Headley, 2018; Furlow 2017). Two studies were conducted in
specialized schools for children with disabilities (Lafasakis & Sturmey, 2007; Sarokoff &
Sturmey, 2008). One study took place in a public high school (Dart et al., 2017). One
study took place in the clients’ home (Sarokoff & Sturmey, 2004).
Phase Contrasts
Baseline corrected Tau was examined across phase contrasts for all ten studies.
Scores ranged from 0.024 to 0.84, indicating effects within the small to the very large
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range. Of the BCT phases represented in this analysis, 32 of the 37 (86.49%) phase
contrasts resulted in BCT values at or above 0.6, indicating large effects. In Table 3,
effect sizes across each baseline to intervention phase per study, as well as the correlating
p value, are displayed.
Table 3 Baseline Corrected Tau per Participant per Study

Study

Participant

BCT

p

Clayton & Headley, 2018

P1
P2
P3

0.024
0.750
0.640

1.000
0.005**
0.016**

Dart et al., 2017

P1
P2
P3
P4

0.725
0.729
1.000
0.730

0.001**
0.001**
0.000**
0.000**

Eid et al., 2017

P1
P2
P3

0.699
0.775
0.745

0.022**
0.050
0.020**

Furlow, 2017

P1
P2
P3

0.801
0.728
0.711

0.010**
0.006**
0.003**

Hillman et al., 2020

P1
P2

0.512
0.611

0.002**
0.000**

Lafasakis & Sturmey, 2007

P1
P2
P3

0.730
0.717
0.701

0.014**
0.028**
0.013**

Nosik et al., 2013

P1
P2
P3

0.714
0.704
0.792

0.001**
0.001**
0.000**
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Table 3 Continued
Sarokoff & Sturmey, 2004

P1
P2
P3

0.638
0.724
0.510

0.000**
0.000**
0.008**

Sarokoff & Sturmey, 2008

P1 S1
P2 S1
P3 S1
P1 S2
P2 S2
P3 S2

0.717
0.586
0.538
0.756
0.716
0.606

0.028**
0.012**
0.008**
0.052
0.021**
0.013**

Sump, 2018

P1
P2
P3
P4
P5
P6
P7

0.816
0.802
0.802
0.802
0.832
0.756
0.840

0.139
0.077
0.077
0.077
0.072
0.052
0.042**

**Indicates statistically significant p value

Note. BCT= Baseline corrected tau; p = significance value; P = participant; S = student.

All ten studies were included in the meta-analysis where an omnibus effect size
was calculated. Included in the omnibus effect size were data from 37 separate AB
contrasts across ten separate studies. Large effects were found across all studies,
represented in Table 4, and this resulted in an omnibus effect size across all studies of g =
6.01 (Figure 1). This omnibus effect size indicates that BST is an effective intervention in
training non-ABA professionals to use DTT.
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Table 4 Effects by Study
Study

Number of
Contrasts

Hedges
g

Confidence
Intervals
Lower

Upper

SE

Clayton & Headley, 2018

4

3.3865

0.1655

6.6074

1.643342

Dart et al., 2017

3

3.0154

-5.5154

11.5461

4.352423

Eid et al., 2017

4

7.6914

5.6358

9.7469

1.048750

Furlow, 2017

3

5.8458

-2.1917

13.8833

4.100765

Hillman et al., 2020

4

5.2422

-7.4204

17.9048

6.460510

Lafasakis & Sturmey, 2007

3

4.7923

3.2814

6.3032

0.770867

Nosik et al., 2013

3

9.0397

5.5189

12.5605

1.796327

Sarokoff & Sturmey, 2004

3

9.6922

-7.398

26.7852

8.720000

Sarokoff & Sturmey, 2008

7

3.5000

-5.5546

36.8908

10.83000

Sump, 2018

3

2.4000

-6.5108

57.5053

16.33000

Note. Number of contrasts= the number of AB contrasts per study; SE= standard error derived from the
confidence intervals.
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Figure 1. Forest Plot of Effect Sizes for All Included Studies

Note. The forest plot represents the standard mean difference for all studies included in the meta-analysis.

Moderator Analysis
Once an omnibus effect size was found, a moderator analysis was conducted to
assess the heterogeneity of effects. Once potential moderators were identified, these
variables were examined by aggregating the effects of each potential variable by using a
meta-regression method. A meta-regression is a method used to evaluate the impact of
moderator variables on study effect sizes (Borenstein et al., 2011). To identify potential
moderators, a mixed effects regression model was used. The analysis was conducted
using the metareg function in R (Harrer, Cuijpers, Furukawa, & Ebert, 2019). Below,
Table 5 depicts the effect sizes and confidence intervals associated with the identified
moderator.
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Table 5 Summary of Effect Size Results for Moderator Variables
Confidence Interval

k
Moderator

SMD
(studies)

Lower

Upper

-7.4809
-12.2319
-23.8126
-1.8598

15.005
24.5248
50.4271
16.4023

Participants
Peer
Parent
Teacher
Direct Care Staff

2
2
2
4

3.7623
6.1465
13.3073
7.2712

Note. k= number of studies; SMD= standardized mean difference or Hedges g effect size.

Participant
The participant, or the individuals of each study that received the BST training,
was investigated as a potential moderator. Within this study, the participants were
grouped into four sub-groups: peers, direct care staff, parents, and teachers. The
participant variable was considered a moderator indicated by a significant p value (F2,15 =
1.1028, p = 0.4182).
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CHAPTER IV – DISCUSSION
The purpose of this systematic review and quantitative analysis was to determine
whether BST was an effective intervention in teaching non-ABA professionals DTT
procedures and to assess the quality of experimental rigor within each study. To date,
there has not been a quantitative synthesis of the literature examining the use of BST as a
training package to teach non-ABA professionals DTT procedures. DTT procedures are
well supported within the literature in promoting skill acquisition in individuals
diagnosed with ASD (Lovaas, 1977; Howlin, 1981; Koegel, O’Dell, & Dunlap, 1988;
Krantz et al., 1981), but typically, only a limited number of individuals can utilize these
procedures due to the resource intensity of the intervention (Steege et al., 2007). The
need to expand these procedures so that this intervention can reach a larger number of
individuals justifies the need to explore the effectiveness of training packages, such as
BST, in training individuals to use these procedures. The results of this study indicate
that using a BST training package is effective in training non-ABA professionals to use
DTT procedures.
Articles included in this analysis were yielded based on search terms related to
BST and DTT and then further analyzed based on a pre-determined inclusion criterion.
The database search generated a total of 10 studies that met inclusion criteria. It is
important to note that only a small number of articles were identified for use in this metaanalysis, and future research should continue to examine the effects of using BST to
teach DTT to non-ABA professionals to add to the literature base. Baseline corrected tau
scores, across all phases of all studies, indicated intervention effects that ranged from
small effects to very large effects (range = 0.024 to 0.84) with the majority of contrasts
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indicating large to very large effects (i.e., 32 of 37 contrasts; 86.49%). Additionally, the
researcher used the Hedges g effect size measure to determine an overall weighted effect
for each study included in this analysis. The overall weighted effects per study fell within
the large range (range = 3.39 to 14.13), and the omnibus effect size statistic yielded a
large effect (g = 6.01). This omnibus effect score indicates that BST is an effective
intervention in teaching non-ABA professionals the procedures of DTT. This analysis
also examined potential moderating variables that could alter the effects of BST on
teaching non-ABA professionals DTT procedures. Results of the moderator analysis
indicated that participant type was a moderating variable in this study and influenced the
effectiveness of BST. Specifically, BST for DTT was most effective for teachers. It is
likely that teachers learn DTT more rapidly, relative to students, direct care staff, and
parents, due to their higher education training in instruction.
This is the first quantitative meta-analysis of the literature examining BST for
teaching non-ABA professionals to implement DTT. As such, there are no previous metaanalyses by which to compare results. The effect sizes obtained in this meta-analysis are
quite large and are worthy of discussion. There are at least two important issues to
consider regarding the large effect sizes. First, the ability to implement DTT is not a skill
that individuals would likely have prior to being trained by someone with expertise in
ABA. Therefore, it would be expected that individuals, when being evaluated for DTT
implementation prior to being trained, would implement DTT at low levels, and then
following training, there would be a substantial increase in DTT implementation, relative
to baseline. Consequently, one might expect large effects for BST for training non-ABA
professionals to implement DTT. Second, interpretation of effect sizes for single subject
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research design data can be difficult. For example, Baseline Correct Tau, although
referred to as an “effect size” is merely a metric that describes the extent to which data
points across adjacent phases do not overlap, which is not a measure of “effect” in a
traditional sense. Moreover, Hedge’s g, which is part of the standardized mean difference
family of effect size measures, is a more traditional effect size measure in that it does
provide a metric of effect. However, Hedge’s g values for single subject research data can
be quite large relative to the effect sizes obtained from large n, between group studies;
thus, interpretation of such large effect sizes can be difficult, and there are no widely
accepted guideless for interpreting Hedge’s g for single subject research design data
(Kratochwill & Levin, 2014).
In addressing the second research question, WWC single-case design standards
were used to evaluate the experimental rigor of each included study. In this study, nine of
the ten included studies either met standards or met standards with reservations.
Specifically, four studies met standards (Furlow, 2017; Nosik et al., 2013; Sarokoff &
Sturmey, 2004; Sarokoff & Sturmey, 2008), five studies met standards with reservations
(Clayton & Headley, 2018; Eid et al., 2017; Hillman et al., 2020; Lafasakis & Sturmey,
2007; Sump, 2018), and one study did not meet standards (Dart et al., 2017). Since over
half of the studies only met standards with reservations and one study did not meet
standards, future research should aim to increase experimental control, as described by
the WWC single-case design standards (Kratochwill et al., 2010). However, it is
encouraging that despite some of these studies being conducted before or as WWC
standards for single-case designs became en vogue, the overall rigor of the experimental
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designs is strong, which allows researchers and practitioners to have confidence in the
results of studies employing BST to teach non-ABA professionals to implement DTT.
Limitations
Several limitations should be noted for this study. First, the total number of
studies that met inclusion criteria for this study was low. A total of ten studies were
included in this study, indicating that the literature-base for using BST to teach non-ABA
professionals DTT procedures is limited. The number of participants within this study
was small, as well (i.e., 36). As the number of studies and participants increases, results
regarding effect sizes and effectiveness of this specific research question could fluctuate.
This is particularly problematic with regard to the moderator analysis as R’s metareg
function flags moderator analyses with so few studies as problematic in terms reliability
of findings.
Second, although the results of this meta-analysis indicate large effects when
considering the Hedge’s g values, all studies included only BST procedures and this
study did not include analysis of the effect of any other training method. Therefore,
although it has been demonstrated that BST produces large effects, albeit based on a
small sample, it is unknown if other, less intense training methods produce similar
effects. Future research should test the effects of different training packages of varying
intensities or conduct a component analysis of BST to determine the most efficient
method for training non-ABA professionals to implement DTT. Then, as those studies
accumulate, meta-analyses of multiple training types may be conducted to identify
training types with the largest effects.
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Another limitation that should be noted was the lack of reported details about
specifics within each study, particularly surrounding potential moderating variables. An
important factor surrounding BST would be at what dosage did each participant receive
the intervention. In the majority of studies included in this analysis, details regarding the
dosage of BST (i.e., duration of training, number of sessions) were not reported. This
limits the external validity and range to which these studies could be replicated.
Finally, it should be noted that regulations and standards surrounding single-case
design meta-analytic research are limited. Specifically, there are no standards identified
for calculating effect sizes or for data analysis (Horner & Kratochwill, 2012). BCT is
frequently used to determine effect sizes across phases in single-case design studies,
however, there is currently no online calculation option that calculates a weighted effect
size per study. This required an additional summary statistic to be utilized in order to
provide a weighted effect for each study. In regard to R functions for calculating omnibus
effect sizes, limited resources are available in the utilization of this calculation in terms of
single-case design studies. With limited previous research regarding the statistical
robustness of the weighted and omnibus effect size measures used in this study, the
results of the present analysis should be interpreted with caution.
Summary
This is the first quantitative meta-analysis of BST studies for training non-ABA
professionals to implement DTT. Additionally, this systematic review evaluated the
methodological rigor of studies using WWC design standards. Results indicate that BST
produces large effects and the majority of studies either met design standards with
reservations or met design standards. As a result, researchers and practitioners may be
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optimistic that BST is an effective approach to training non-ABA professionals to
implement DTT, which is important because many applied settings do not have adequate
professional ABA staff to implement DTT for the growing number of children with ASD
that could benefit from DTT. However, given the small number of studies included in this
meta-analysis, researchers should continue to test the effects of BST on non-ABA
professionals’ implementation of DTT, and are especially encouraged to conduct
component analysis and relative effectiveness studies.
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APPENDIX A – Features of DigitizeIt Data Extraction Software Program
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APPENDIX B – DigitizeIt Data Extraction From Graph Example
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APPENDIX C – DigitizeIt Demonstration Video

Found at https://www.digitizeit.de/#Features

33

APPENDIX D – Second Observer Information Sheet

Databases
Academic Search Premier
ERIC
PsychInfo

Search Terms
Behavioral skills training AND discrete trial training
BST and DTT
Modeling rehearsal feedback AND discrete trial training
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APPENDIX E – Example Database Search Engine Training
Go to this link: http://libguides.lib.usm.edu/az.php?a=p.
Find the database: PsycINFO & Click the link to PsycINFO’s database.

In the FIRST search box you should enter ALL of the terms identified for BST. Copy and
paste what is listed below into the first search box.
“Behavioral skills training” OR “Behavioral skill training” OR “BST” OR
“Modeling rehearsal feedback” OR “instruction modeling rehearsal feedback”
In the SECOND search box, enter ALL terms identified for DTT. Copy and paste what is
listed below into the second search box.
“Discrete trial training” OR “Discrete trial teaching” OR “DTT”
*Make sure each term in the search bar is separated by the word OR.
*Be sure to select the term AND between search bars as pictured below.
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